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Three independent molecules of the title estrone derivative 
and a molecule of methanol comprise the asymmetric unit of 
the title compound [systematic name: 13-methyl-6,7,8,9, 11,12,- 
13, 14,15, 16-decahydrocyclopenta[«]phenanthren-3-ol-meth- 
anol (3/1)], 3C 18 H 24 O CH 3 OH. Two of the estrone molecules 
exhibit 50:50 disorder (one displays whole -molecule disorder 
and the other partial disorder in the fused five- and six- 
membered rings) so that five (partial) molecular conforma- 
tions are discernable. The conformation of the six-membered 
ring abutting the aromatic ring is close to a half-chair in all five 
components. The conformation of the six-membered ring 
fused to the five-membered ring is based on a chair with 
varying degrees of distortion ranging from minor to 
significant. Two distinct conformations are found for the 
five-membered ring: in four molecules, the five-membered 
ring is twisted about the bond linking it to the six-membered 
ring, and in the other, the five-membered ring is an envelope 
with the quaternary C atom being the flap atom. The crystal 
packing features O— H- ■ O hydrogen bonding whereby the 
four molecules comprising the asymmetric unit are linked into 
a supramolecular chain along the b axis. 

Related literature 

For the original synthesis, see: Huang-Minion (1949). For 
geometric and structural features for a series of cholestane 
derivatives, see: Rajnikant et al. (2006). For background to 
steroidal estrogen boronic acids and boronates, see: Ketuly & 
Hadi (2010). For related structures see: Ketuly et al. (1997, 
2010). 



HO 



Experimental 

Crystal data 

3C ls H 24 OCH 4 0 
M r = 801.16 
Monoclinic, C2 
a = 24.3084 (16) A 
b = 7.7235 (5) A 
c = 26.6479 (18) A 
/3 = 114.292 (1)° 

Data collection 

Bruker SMART APEX CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
T*&, = 0.976, T max = 0.993 

Refinement 

R[F 2 > 2a(F 2 )} = 0.052 

wR(F 2 ) = 0.141 

S = 1.02 

5612 reflections 

616 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 




.CH 3 OH 



V = 4560.1 (5) A 3 
Z = 4 

Mo Ka radiation 
/x = 0.07 mm~' 
T = 100 K 

0.35 x 0.20 x 0.10 mm 



21707 measured reflections 
5612 independent reflections 
4481 reflections with / > 2a(l) 
R in . = 0.050 



234 restraints 

H-atom parameters constrained 
A/w = 0.37 e A~ 3 
Apmin = -0.33 e A~ 3 



D-H-A 


D — H 


H- ■ A 


D- ■ A 


D-H-A 


01-H1-03 


0.84 


1.83 


2.662 (3) 


170 


02-H2-04 


0.84 


1.82 


2.655 (4) 


170 


03-H3-02 


0.84 


1.88 


2.711 (3) 


173 


04-H4-01' 


0.84 


1.90 


2.736 (4) 


178 



Symmetry code: (i) x, y — 1, z. 

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997), DIAMOND (Brandenburg, 2006) and 
QMOL (Gans & Shalloway, 2001); software used to prepare material 
for publication: publCIF (Westrip, 2010). 

The authors thank the University of Malaya for support and 
greatly appreciate UMRG grant No. RG035/10BIO. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HB5844). 
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Comment 

The title estrone, (I), has been prepared by a modified procedure from Huang-Minion (1949) as a precursor for the synthesis 
of steroidal estrogen boronic acids and boronates (Ketuly & Hadi, 2010). Related structures have been reported (Ketuly et 
ah, 1997; Ketuly et ah, 2010) as has a systematic evaluation of geometric and structural features for a series of cholestane 
derivatives (Rajnikant et ah, 2006). Herein, the crystal and molecular structure of (I) is described. 

Three independent estrone molecules, Figs 1-3, and a solvent methanol molecule comprise the asymmetric unit of (I). 
The first independent molecule exhibits whole molecule disorder pivoted on the 0 1 atom. As seen from the overlay diagram, 
Fig. 4, the two components of equal weight, i.e. shown as red and green, have almost identical conformations. Referring 
to the Scheme for numbering of the rings, the six-membered ring B, being fused to an aromatic ring, has an half-chair 
conformation, six-membered ring C has a slightly twisted chair conformation, and five-membered ring C is twisted on the 
bond linking it to the six-membered ring. Disorder is also evident in the second independent molecule. In this case, the 
50:50 disorder is restricted to rings C and D. As shown in pink and blue in Fig. 4, the rings have distinct conformations. 
For the molecule illustrated in pink, ring B is an half-chair and the conformation of ring C is that of a twisted chair. Ring D 
is an envelope on the quaternary-C29 atom. In the second disordered conformation, ring B is an half-chair and ring C is a 
slightly twisted chair. Ring D is distinct from that in the first orientation in that is adopts a twisted conformation about the 
C25 — C29 bond. The third independent molecule, shown as light-blue in Fig. 4, is different from the other molecules in that 
ring B is a slightly twisted half-chair, ring C is a slightly twisted chair, and ring C is twisted about the C43 — C47 bond. 

In the crystal packing, the four independent molecules are connected via a sequence of O — H O hydrogen bonds, Table 
1. These link molecules into a supramolecular chain along the b axis, Fig. 5. 

Experimental 

The title compound (I) was prepared by a modified procedure from Huang-Minion (1949) Estrone (1.5 g) was dissolved in 
diethylene glycol (40 ml), with heating and stirring in an oil bath at 388-393 K. Hydrazine hydrate (98-100%) was added 
in four 3 ml portions at 15 min intervals. During this time stirring and heating was continued and the flask connected to 
a drying tube. While the temperature was raised to 423 K, nitrogen was bubbled through the reaction mixture to remove 
excess reagent and water as by-product. When most of the reagent had been evaporated, KOH pellets (9.6 g) were added. 
The flask was then fitted with a 50 cm air condenser (with a drying tube), and the reaction mixture was refluxed for 2 h 
under nitrogen. The cooled basic reaction mixture was diluted with water and extracted three times with ether, and each 
extract was washed five times with water. The ether extracts were dried under vacuum and the residue crystallized from 
MeOH/water, yielding colourless crystals (1.305 g, 91%), M.pt. 401-403 K. This product was recrystallized three times 
from MeOH/water, yielding (I). M.pt. 407^108 K, (Lit. 407^107.5 K (Huang-Minion, 1949)). 
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Refinement 

Carbon-bound H-atoms were placed in calculated positions (C-H 0.95 to 0.98 A) and were included in the refinement in 
the riding model approximation, with £/j S0 (H) set to 1.2 to 1.5(7 e q(C). The hydroxy H-atoms were similarly placed (O — H 
0.84 A) and their (7i S0 (H) similarly tied. Of the three independent molecules, one (with Ol) is whole-molecule disordered 
and another (with 02) is partially disordered. The disorder was assumed to be a 1:1 disorder as the occupancy could not be 
refined. The aromatic C-C distances were restrained to 1.39±0.01 A and the aliphatic ones to 1.54±0.01 A; for the aliphatic 
arbon atoms, the 1,3-related distances were restrained to 2.52±0.01 A. The anisotropic displacement factors of the primed 
atoms were restrained to be equal to those of the unprimed ones, and the anisotropic displacement factors of the disordered 
carbon atoms were restrained to be nearly isotropic. In the absence of significant anomalous scattering effects, 2199 Friedel 
pairs were averaged in the final refinement. However, the absolute configuration was assigned on the basis of the known 
chirality of the estrone starting material. 

Figures 



Fig. 2. The molecular structures of the second independent molecule comprising the asym- 
metric unit of (I) showing displacement ellipsoids at the 50% probability level. 



Fig. 3. The molecular structures of the third independent molecule comprising the asymmetric 
unit of (I) showing displacement ellipsoids at the 50% probability level. 



Fig. 4. Overlay diagram the three independent molecules comprising the asymmetric unit of 
(I) and their disordered components. The disordered components of the molecule shown in 
Fig. 1 are shown in red and green, the disordered components of Fig. 2 are shown in blue and 
pink, and the molecule in Fig. 3 is shown in light-blue. 




Fig. 5. View of the supramolecular chain aligned along the b axis of the crystal structure of 
(I). The O — H---0 contacts hydrogen bonds are shown as orange dashed lines. Only one ori- 
entation of the disordered O — HI atom is shown. 



Fig. 1. The molecular structures of the first independent molecule comprising the asymmetric 
unit of (I) showing displacement ellipsoids at the 50% probability level. 






sup-2 



supplementary materials 



1 3-methyl-6,7,8,9,1 1 ,1 2,1 3,1 4,1 5,1 6- decahydrocyclopenta[a]phenanthren-3-ol-methanol (3/1 ) 



t 1*1 j c in 1 rlriiri 
yolCll ULllCl 




3C18H24OCH4O 


P(000) = 1752 


M r = 801.16 


D x = 1.167 MgnT 3 


Monoclinic, C2 


Mo Ka radiation, X = 0.71073 A 


Hall symbol: C 2y 


Cell parameters from 5587 reflections 


a = 24.3084 (16) A 


6 = 2.3-28.2° 


t? — I.ILdj \ J ) i\ 


\i = 0.07 mm 1 


c = 26.6479 (18) A 


T 1 An 1/ 

1 - lUU K 


r> 11/1 101 /I \o 

p — 1 14.292 1^1 j 


Block, colourless 


F=4560.l (5) A 


u.j j x u.2U x u.iu mm 


Z=4 




Data collection 




Bruker SMART APEX CCD 
diffractometer 


5612 independent reflections 


Radiation source: fine-focus tube 


448 1 reflections with / > 2o(I) 


Mirror 


R int = 0.050 


co scans 


^max — 27.5 , 6 m i n —1.9 


Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 


£ = -31^31 


r min = 0.976, T max = 0.993 


£ = -10^10 


21 707 measured reflections 


/= -34^34 



Refinement 
Refinement on F 
Least-squares matrix: full 
R[F 2 > 2g(F 2 )} = 0.052 
wR(F 2 ) = 0.141 

5= 1.02 
5612 reflections 
616 parameters 
234 restraints 

Primary atom site location: structure-invariant direct 
methods 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = V[a 2 (F 2 ) + (0.0693P) 2 + 3.284 IP] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max = 0.001 

Ap m ax = 0.37 e A~ 3 
Ap m i„ = -0.33 e A" 3 

Absolute structure: 2199 Friedel pairs were merged 
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between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




Occ. (<1) 


Ol 


0.53469 (10) 


1.0006 (3) 


0.20950 (10) 


0.0371 (6) 




HI 


0.5204 


0.9020 


0.1982 


0.056* 


0.50 


HI' 


0.5212 


0.8991 


0.2057 


0.056* 


0.50 


02 


0.57490 (9) 


0.4963 (3) 


0.14534 (10) 


0.0321 (5) 




H2 


0.5701 


0.3911 


0.1366 


0.048* 




03 


0.50222 (10) 


0.6730 (3) 


0.18194(10) 


0.0351 (6) 




H3 


0.5235 


0.6106 


0.1711 


0.053* 




04 


0.55238 (11) 


0.1609(4) 


0.12576 (11) 


0.0421 (6) 




H4 


0.5466 


0.1134 


0.1515 


0.063* 




CI 


0.5807 (19) 


1.0199(18) 


0.2620 (12) 


0.0308 (17) 


0.50 


C2 


0.6019 (7) 


1.1867 (17) 


0.2777 (4) 


0.0258 (19) 


0.50 


H2A 


0.5825 


1.2797 


0.2535 


0.031* 


0.50 


C3 


0.6503 (4) 


1.2235 (10) 


0.3273 (3) 


0.0243 (15) 


0.50 


C4 


0.6678 (3) 


1.4130 (9) 


0.3394 (3) 


0.0302 (12) 


0.50 


H4A 


0.6321 


1.4799 


0.3372 


0.036* 


0.50 


H4B 


0.6803 


1.4586 


0.3110 


0.036* 


0.50 


C5 


0.7192 (3) 


1.4396 (9) 


0.3963 (3) 


0.0347(11) 


0.50 


H5A 


0.7392 


1.5518 


0.3970 


0.042* 


0.50 


H5B 


0.7023 


1.4441 


0.4244 


0.042* 


0.50 


C6 


0.7658 (3) 


1.2950(8) 


0.4109 (3) 


0.0271 (10) 


0.50 


H6 


0.7798 


1.2834 


0.3806 


0.032* 


0.50 


C7 


0.8204 (3) 


1.3310 (9) 


0.4649 (3) 


0.0346(11) 


0.50 


H7 


0.8048 


1.3326 


0.4942 


0.041* 


0.50 


C8 


0.8559 (4) 


1.4986 (10) 


0.4715 (3) 


0.0503 (15) 


0.50 


H8A 


0.8349 


1.5973 


0.4796 


0.060* 


0.50 


H8B 


0.8622 


1.5247 


0.4378 


0.060* 


0.50 


C9 


0.9164 (5) 


1.4603 (12) 


0.5206 (4) 


0.066 (2) 


0.50 


H9A 


0.9204 


1.5314 


0.5528 


0.079* 


0.50 


H9B 


0.9507 


1.4866 


0.5109 


0.079* 


0.50 


CIO 


0.9153 (4) 


1.2642 (10) 


0.5336(3) 


0.0495 (15) 


0.50 


H10A 


0.9553 


1.2108 


0.5428 


0.059* 


0.50 


H10B 


0.9040 


1.2469 


0.5649 


0.059* 


0.50 


Cll 


0.8676 (3) 


1.1855 (9) 


0.4805 (2) 


0.0324 (11) 


0.50 


C12 


0.8956 (4) 


1.1604 (13) 


0.4388 (3) 


0.0412(16) 


0.50 


H12A 


0.9236 


1.0623 


0.4502 


0.062* 


0.50 


H12B 


0.9175 


1.2656 


0.4374 


0.062* 


0.50 


H12C 


0.8636 


1.1375 


0.4023 


0.062* 


0.50 


C13 


0.8376 (3) 


1.0165 (10) 


0.4873 (3) 


0.0391 (12) 


0.50 


H13A 


0.8266 


1.0278 


0.5191 


0.047* 


0.50 


H13B 


0.8666 


0.9197 


0.4950 


0.047* 


0.50 


C14 


0.7801 (3) 


0.9748 (9) 


0.4348 (3) 


0.0332 (11) 


0.50 


H14A 


0.7923 


0.9434 


0.4047 


0.040* 


0.50 


H14B 


0.7598 


0.8731 


0.4421 


0.040* 


0.50 
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Co — C / — hi / 


1 n/: 1 
106.1 


1 f^H I I "7 

CI 1 — C/ — XI / 


1 n/; 1 

106.1 


p-7 no pn 

C / — Co — cy 


103.4 (0) 


p-7 po i i o a 

C / — Co — 1 loA 


111 1 
111.1 


Pfl PQ II O A 

CV — C o — hi 0 A 


iii i 
111.1 


C / — Co — xioB 


111 1 
111.1 


pn po ] ion 

CV — C o — hi o B 


111 1 
111.1 


lit) a p o lion 

hloA — Co — hlox> 


1 nn n 
lUV.U 


pq pn pi n 

Co — cy — C 1 U 


i n/: "i ln\ 
106.2 ( 1) 


Co — CV — HyA 


111). 5 


PI a pn i m A 

c i u — cy — hiy a 


line 
110.5 


po Pn TTflD 

Co — cy — hiyB 


1 10.5 


Pin pn ufiD 

c i u — cy — hiy B 


110.5 


1 1 n a pn ufiD 

hiyA — cy — hiyB 


1 no "7 
105. / 


pi i pi a pp. 

ci i — ciu — cy 


^ c\a o i a\ 
104.6 (0) 


PI I p 1 p. T_T 1 n A 

CI 1 — CIU — hllUA 


lino 
1 10.6 


pn pin TT i n a 
cy — C 1 U — hi 1 UA 


1 1 n o 
1 11). 6 


pi i pi a it i nn 

CI 1 — CIU — xilUx> 


1 1 n c 
1 11). 5 


pn pin tt i no 
Cy — C 1 U — hi 1 Ux> 


lino 
110.6 


t_jiaa p 1 n 1 1 1 no 
hllUA — CIU — hllUB 


1 no n 


pn p i i p*7 
C12 — Cll — C/ 


113.0 (0) 


pn pi i pin 
Clz — Cll — CIU 


1 no n i £\ 
1U6.V (0) 


p-7 pi i pin 
C/ — Cll — CIU 


nn n i£\ 
yy.U (0) 


PI o pi 1 p| 1 

Clz — Cll — CI 3 


111). 5 (0) 


p-7 P 1 1 PI I 

C/ — Cll — C13 


1 no i /c\ 
11)5.3 (5) 


pin pi i pn 
CIU — Cll — CI 3 


1 1 /: i /c\ 
110.2 \ j) 


pi i pi •] pi /i 
CI 1 — CI 3 — C14 


ill n /c\ 

111.3 (p) 


pi i pn t_jiia 
CI 1 — CI 3 — hll3A 


1 nn /i 

iuy.4 


pi i a pn TJ11A 
C 1 4 — C 1 3 — hi 1 3 A 


1 nn /i 

iuy.4 


pi i pn iii in 
CI 1 — CI 3 — hll3x> 


1 nn /i 

iuy.4 


pi i a pn tjihj 
C14 — C13 — hll3x> 


1 nn /i 

iuy.4 


un a pi i 1 1 1 "j i) 
hll3A — C13 — hll3x> 


1 no n 
11)6.1) 


pk pi i a pn 
CI j — C14 — CI 3 


1 1 1 c //:\ 
113.5 (0) 


PIC p 1 A TT 1 A A 

C 1 J — C 1 4 — hi 1 4 A 


moo 

mo. y 


p| 1 p| /| TT1/1A 

CI 3 — C14 — hll4A 


1 no n 

ills. y 


PI f p| /I I I 1 | o 

CI j — C14 — hi 14x5 


1 no n 
11)5. y 


pi i p 1 /i 1 1 1 1 1) 
CI 3 — C14 — hll4x> 


1 no n 

iiis.y 


TT1/1A P 1 /| I I 1 I I) 

hi 1 4 A — C 1 4 — hi 1 4x> 


1 n"7 "7 
11) /. / 


pi A pi f p /" 

C14 — CI j — Co 


111 o /c\ 
111.5 (5) 


p 1 A pi f p I / 

C14 — C15 — C16 


113.2 (5) 


C6— CI 5— C16 


111.1 (5) 


C14— C15— H15 


106.8 


C6— CI 5— HI 5 


106.8 


C16— C15— H15 


106.8 


CI 7— CI 6— C3 


118.9 (7) 



pi 1 nn pm 
031 — C2y — O30 


1 1C C /1\ 

125.5 (/) 


PTC p^n Pm 

025 — 02y — O30 


IVZ.Z (0) 


no nn nn 
025 — C2y — 0.30 


1 nn /; /"7\ 
100.6 (/) 


p^n pn 

02y — 03 1 — 032 


1 1 n "7 fi\ 

iiy./ {/) 


nn pi 1 ui 1 a 
02y — 03 1 — Hi 1 A 


1 m /i 
10/. 4 


pn ni ui i * 
032 — 031 — H31A 


1 n"7 a 
10/. 4 


02y — 031 — H31B 


1 n~7 a 
10/. 4 


pn ni ui 1 d 
032 — 03 1 — Hi 1 D 


1 n~7 a 
10/. 4 


HI 1 A PQ 1 TTQ 1 T> 

Hi 1 A — 03 1 — Hi lis 


1 n/; n 
106.y 


pn pn ni 
033 — 032 — 03 1 


1 1 1 ") /c\ 

113.2 (5) 


pn pn un a 
033 — 032 — H32A 


1 no n 

los.y 


ni pn un a 
03 1 — 032 — HiZ A 


1 no n 

105. y 


pn pn ijnD 
033 — 032 — H32B 


1 no n 
106. y 


pi 1 ni uno 
031 — 032 — H32B 


1 no n 
106. y 


un a r^n unD 
H32A — 032 — HiZn 


1 n~7 "7 
11) /. / 


pn pn pi/i 
032 — 033 — 024 


111 A 

121.4 (i) 


pn ni pn 
032 — 033 — 034 


1 1 /; n //i\ 
116.0 (4) 


PT/i ni pn 
024 — 033 — 034 


110.3 (i) 


pn pn pni 
024 — 033 — 032 


i n/i c //i \ 
104.5 (4) 


pn pn pni 
034 — 033 — 032 


111 1 i A \ 

111.1 (4) 


pn pn un 
032 — 033 — Hii 


1 n 1 o 
101.5 


pn pn un 
024 — 033 — Hii 


1 n 1 o 
101.5 


f^^iA pn un 
034 — 033 — Hii 


1 m o 
11)1 .5 


pn pn uni 
024 — 033 — Hii 


1 1 n i 
110.3 


f^iA pn un' 
034 — 033 — Hii 


1 1 n i 
1 11). 3 


pni pn uni 
032 — 033 — Hii 


1 1 n i 
110.3 


pic pi/i ni 
03D — 034 — 02 1 


I 1 1 A (1\ 

I I / .4 (3) 


pic pi/i ni 
03D — 034 — 033 


in o \ 
122.6 \i) 


ni pi/i pn 
02 1 — 034 — 033 


1 1 n o 
liy.6 \i) 


pit pic pn 
036 — 03D — 034 


1 11 O //I \ 

122.5 (4) 


pit PIC HI C 

036 — 035 — HiD 


1 1 o / 

116.6 


PI/1 PIC uic 

034 — 035 — HiD 


1 1 o / 

116.6 


pic pi/; pin 
035 — 036 — Oiy 


1 1 O "7 

115./ \i) 


pic pi/; ui£ 
03j — 030 — H30 


1 on "7 
121). / 


pin pi/; ni/: 
Oiy — 036 — H36 


1 in "7 
120. / 


m pn pi o 
0)3 — 03 / — 036 


ill /; \ 
121.6 (3) 


m pn pc/i 
U3 — 03 / — 154 


1 1 O C /"3\ 

115.5 (3) 


pio pn pc/i 
035 — 03 / — O 34 


1 1 Q Q 

ny.y (i) 


pn pio nn 
03 / — 035 — 03y 


m i /q \ 
121.1 (3) 


pn pio uio 
03 / — 036 — H35 


1 1 O A 

ny.4 


pin pio uio 
03y — 035 — H35 


1 1 n a 

ny.4 


pio pm pct 
036 — 03y — Oj2 


1 1 n n /i\ 
liy.y (i) 


pio nn P/ln 
035 — 03y — 040 


1 1 o n 
116.0 (3) 


C52— C39— C40 


122.1 (3) 


C39— C40— C41 


112.1 (3) 


C39— C40— H40A 


109.2 


C41— C40— H40A 


109.2 


C39— C40— H40B 


109.2 


C41— C40— H40B 


109.2 
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CI / — C16 — Ui 


122.3 (0) 


C3 — C 1 0 — C 1 5 


lls.s (0) 


CIS — CI / — C16 


i/i.y (v) 


CIS — CI / — HI / 


1 1 Q 1 

ny.i 


ClO CI / — HI / 


1 1 Ct 1 

1 19. 1 


CI — CIS — CI / 


1 1 n i / 1 i\ 

i iy.z (i 


CI — CIS — H1SA 


1 m /i 

lzU.4 


CI / — CIS — HlsA 


1 in A 

12U.4 


r\ 1 1 I pigi 

Ul — CI — CIS 


i mil /i i\ 
1 19.9 (12) 


(J 1 — C 1 — C2 


1 1 O 1 /I 1\ 

lls.l (12) 


pioi 1 1 r^ii 
CIS — C 1 — Cz 


121.0 (16) 


CI — Cz — C3 


119.2 (11) 


CI — Cz — Hz 


1 in a 
12U.4 


pii pnt m' 

C3 — Cz — Hz 


1 in ,1 
12U.4 


C2 — C3 — C16 


1 in /; /"7\ 

120.6 (7) 


Cz — C3 — C4 


1 1 /: a t"7\ 
110.4 (/) 


Clo — C3 — C4 


122.y (/) 


C3 — C4 — C5 


1 1 i n 

113.9 (6) 


C3 — C4 — H4 A 


1 no o 
1US.S 


C5 — C4 — H4 A 


1 no o 

lUs.s 


C3 — C4 — H4 D 


1 no o 
lUS.S 


Cj — C4 — H4 is 


1 no o 
lUS.S 


H4 A — C4 — H4 D 


1 n"7 "7 
10 /. / 


r^/:' r^c /"Mi 
Co — CD — C4 


i i n i 
111). 2 (5) 


/^/;' /^c u^' a 
Co — C5 — H5 A 


1 nn /; 
lUV.O 


f^A i r^c uci A 
C4 — CJ — H J A 


1 nn /: 

luy.o 


Co — Cj — Hj d 


1 nn /; 

luy.o 


C4 — Cj — Hj d 


1 nn /; 

luy.o 


Hj A — Cj — Hj d 


1 no 1 
lUs.l 


Cj — Co — CI J 


1 nn "7 fz\ 
10y. / (J) 


r^c r^/:' r^"7' 
Cj — Co — C / 


112.1 (J) 


CI J — Co — C/ 


1 nn 1 
lOy.l (J) 


r^c r^/:' u/:' 
Cj — Co — Ho 


1 no £. 
lUs.o 


CI J — Co — Ho 


1 no /: 

lus.o 


r^"7' r^/:' u/:' 
C/ — Co — Ho 


1 no /; 

lUs.o 


Cs — C / — C 1 1 


1 n^i i //;\ 
1U4.2 (0) 


r^oi r^"7' r^/;' 
CS — C / — CO 


1 1 o n 

i iy.u p ) 


C 1 1 — C / — Co 


111 1 fz\ 

113.1 (J) 


poi /~""7' U"7' 

Cs — C / — H / 


1 n/: /: 

lUo.o 


Cll — C/ — H/ 


1 n/; /; 
1U0.0 


r^/:' r^"7' u~7' 
Co — C / — H / 


1 n/: /; 

lUo.o 


s~*nt /~*o' /~~*n' 

c/ — cs — C9 


i m i //;\ 
1U3.1 (0) 


r^ny /^oi uo' a 
C/ — Cs — Hs A 


111 1 
111.1 


C9'— C8'— H8'A 


111.1 


C7'— C8'— H8'B 


111.1 


C9'— C8'— H8'B 


111.1 


H8'A— C8'— H8'B 


109.1 


CIO'— C9'— C8' 


106.5 (7) 


CIO'— C9'— H9'l 


110.4 



TT/in A P/IA I I ,1 I.T) 

H4 U A — C 4 U — hl4 Ur> 


1 n"7 n 

iu/.y 


C42 — C4 1 — C4U 


i no c /i \ 

108.5 (3) 


C42 — C4 1 — hl4 1 A 


1 1 n n 
11U.U 


i^Af\ CA 1 1 1 1 1 A 

C4U — C4 1 — rl4 1 A 


1 1 n n 
1 1U.U 


C42 — C4 1 — hl4 1 r> 


1 1 n n 
1 1U.U 


/~1 A C\ r~\ A 1 I I , 1 1 T) 

C4U — C4 1 — hl4 1 r> 


1 1 n n 
11U.U 


U/11 A p/l 1 I I i 1 d 

hl4 1 A — C4 1 — hl4 1 r> 


1 no a 
1US.4 


C4 1 — C42 — C43 


1 1 A (\ 

114. y (i) 


/~i /) 1 pel 

C4 1 — C4Z — C J 1 


i nn i /i\ 

luy.i (2) 


C4J — C4Z — C J 1 


1 n"7 o /i\ 
1U/.S (2) 


C4 1 — C4Z — hl4Z 


1 no i 
1U5.3 


C43 — C4Z — hl4Z 


1 no i 
1US.3 


PCI I 1 ,1 "> 

CM — C4Z — hl4Z 


1 no i 
lUs.3 


p/n P/ii P/i/i 
C4Z — C4 3 — C 44 


line 

liy.5 (i) 


P/1T P/11 P/1*7 

C4Z — C43 — C4 / 


1 1 1 £ /"1\ 

1 12. 6 (2) 


P /l /I P /IT P A *7 

C44 — C43 — C4 / 


1 m o /i\ 

103.8 (2) 


P/1T P/1T TT/n 

C4Z — C 4 3 — H4 3 


1 n/; "7 

106.7 


p /I A P/11 I I 1 1 

C44 — C43 — hl43 


1 n/: "7 
1U6. / 


C4 / — C43 — hl43 


1 n/; "7 
1U6. / 


P/1T P/l/1 P/1C 

C43 — C44 — C45 


1 m /i /i\ 
103.4 (3) 


P/i i p/1 ,/i U/1/1 A 

C43 — C44 — rl44A 


111 1 
111.1 


P/1C p /] A JJAA A 

C4j — C44 — hl44A 


111 1 
111.1 


P/11 p A A I I 1 1 I) 

C43 — C44 — hl44r> 


111 1 
111.1 


P/1C p /] A I I 1 1 I) 

C4j — C44 — hl44r> 


111 1 
111.1 


UA A \ A A I I 1 1 1) 

hl44A — C44 — hl44r> 


1 nn n 

luy.u 


P/1/C P/1C P/l/1 

C46 — C45 — C44 


1 n/c i /i\ 

106.3 (3) 


p /) P/1C TT/IC A 

C4o — C4j — Jt14jA 


line 

1 1U.5 


P/l/1 P/1C TU/ICA 

C44 — C4j — Jt14jA 


line 
1 1U.5 


p /I /: pi A C TT/1CT3 

C4o — C4j — hl4jr> 


nn c 
11U.5 


P/l/1 P/1C TT/1CT5 

C44 — C4d — H4M3 


1 1 n c 

110.5 


UA C A pi A c TJylCD 

hl4!)A — C4j — hl4jr> 


1 no "7 
lUS. / 


P/l*7 p /i /: p/ic 

C4 / — C4o — C4D 


1 PiA n ii \ 
lU4.y (i) 


P/l*7 P/l/: 1 1 i /: a 

C4 / — C4o — hl4oA 


lino 
11U.S 


pi A C P/1/: TT/l/T A 

C4j — C4o — hl4oA 


1 1 n o 
11U.S 


p/i*7 P/i/: 1 1 ,1 i) 
C4 / — C4o — hl4or> 


1 1 n o 
1 1U.S 


p,/i c p/i/: 1 1 1 a i) 
C4j — C4o — rl4or> 


1 1 n o 
1 1U.S 


rl4oA — C4o — rl4or> 


1 no q 
lUS.S 


P,/| Q P/IT p/| Q 

C4y — C4 / — C4o 


lino 
1 1U.S (5 ) 


p /i n ah r^At. 
C4y — C4 / — C4o 


116.6 (i) 


p/io P/i*7 P/i/: 
C4o — C4 / — C4o 


1 no i /i \ 
1US.3 (i) 


p/in P/i*7 p a i 
C4V — C4 / — C43 


i no A /i\ 
1US.4 (2) 


p /) O P/l*7 P/11 

C4o — C4 / — C43 


111 n 
1 1 l.y (3) 


P/i/: P/i*7 p a i 
C4o — C4 / — C43 


1 nn i i"i\ 
1UU.3 (3) 


C47— C48— H48A 


109.5 


C47— C48— H48B 


109.5 


H48A— C48— H48B 


109.5 


C47— C48— H48C 


109.5 


H48A— C48— H48C 


109.5 


H48B— C48— H48C 


109.5 
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C8'— C9'— H9'l 110.4 

CIO'— C9'— H9'2 110.4 

C8'— C9'— H9'2 110.4 

H9'l— C9'— H9'2 108.6 

C9'— CIO'— Cll' 105.0(6) 

C9'— CIO'— H10C 110.7 

Cll'— CIO'— H10C 110.7 

C9'— CIO'— H10D 110.7 

Cll'— CIO'— H10D 110.7 

H10C— CIO'— H10D 108.8 

C13'— Cll'— C7' 107.6(6) 

C13'— Cll'— C12' 109.8(6) 

C7'— Cll'— C12' 113.1(6) 

CI 3'— Cll'— CIO' 117.0(6) 

C7'— Cll'— CIO' 99.3(6) 

C12'— Cll'— CIO' 109.6(7) 

Cll'— CI 2'— H12D 109.5 

Cll'— C12'— H12E 109.5 

H12D— C12'— H12E 109.5 

Cll'— CI 2'— H12F 109.5 

H12D— C12'— H12F 109.5 

H12E— CI 2'— H12F 109.5 

Cll'— CI 3'— C14' 112.3(5) 

Cll'— C13'— H13C 109.1 

C14'— CI 3'— H13C 109.1 

Cll'— C13'— H13D 109.1 

C14'— CI 3'— H13D 109.1 

H13C— C13'— H13D 107.9 

CI 5'— CI 4'— C13' 112.1 (6) 

C15'— CI 4'— H14C 109.2 

C13'— CI 4'— H14C 109.2 

C15'— C14'— H14D 109.2 

C13'— C14'— H14D 109.2 

H14C— C14'— H14D 107.9 

C6'— C15'— C14' 112.5(5) 

C6'— CI 5'— C16' 109.6(5) 

C14'— CI 5'— C16' 113.0(5) 

C6'— CI 5'— H15' 107.1 

C14'— CI 5'— H15' 107.1 

CI 6'— CI 5'— H15' 107.1 

CI 7'— CI 6'— C3' 118.2(7) 

CI 7'— CI 6'— C15' 121.3(6) 

C3'— CI 6'— CI 5' 120.4(6) 

CI 6'— CI 7'— CI 8' 122.7(9) 

C16'— CI 7'— H17' 118.7 

CI 8'— CI 7'— H17' 118.7 

Cl'_ CI 8'— C17' 117.3(14) 

CI'— C18'— H18' 121.4 

CI 7'— CI 8'— H18' 121.4 



p/t"7 p/tn pen 
C4 / — C49 — C50 


1 1 "1 C /1\ 

11Z.D (J) 


P/H P Ad tT/tnA 

C4 / — C49 — H49A 


iuy.1 


p An tr/tn A 
C50 — C49 — 1149 A 


1UV.1 


P/1"7 P/tn UdHD 

C4 / — C49 — H4915 


1 nn 1 


/^f A P/in tT/tnt> 

C50 — C49 — H4915 


1 no 1 


tT/tnA P/tn UdflD 

H49A — C49 — 114 915 


lU/.O 


p/tn rcn pel 
C49 — C50 — C5 1 


112. / (3) 


C4y — CjU — HjUA 


1 no n 

iuy.u 


pel rcn ncnA 
C51 — C50 — H50A 


lUV.U 


P/IO rrn TJ^HD 

C4y — CjU — HjUIS 


iuy.u 


C5 1 — C50 — H50B 


lUV.U 


H50A — C50 — H5015 


1U /.O 


pel pri p AH 

C52 — C5 1 — C42 


111 O 

111.5 (2) 


pel pri prn 

C52 — C5 1 — C50 


11 J. Z (Z) 


P/11 fCI pen 

C42 — C5 1 — C50 


111 i /">\ 
11 1.3 (z) 


pel rci uci 
(_02 — C5 1 — Hi 1 


1 A/i *7 

lUo. / 


p ah rci UC1 
C42 — C5 1 — Hi 1 


lUo. / 


Pen Pel nri 

C50 — C5 1 — Hi 1 


lUo. / 


pel pel Pin 
C53 — C52 — C39 


117.7 (3) 


pel pel pel 
C53 — C52 — C5 1 


121.4 (3) 


pin pel pel 
C39 — C52 — C5 1 


1 in n \ 
120.9 (3) 


pe/t pel pel 
C54 — C53 — C52 


122.3 (3) 


pe/t pel trei 
C54 — C53 — 1153 


lion 
116.9 


pel pel trei 
CD2 — C53 — 1153 


116.9 


pel pe/t pn 
C53 — C54 — C3 / 


1 1 n n 
119.0 (3) 


pel pe/t tre/t 
C53 — C54 — 1154 


1 hp> e 
120.5 


pn pe/t ue/t 
C3 / — C54 — 1154 


1 in e 
120.5 


r\A pee tree a 
U4 — C55 — 1155 A 


1 nn e 
109.5 


p./t pee treer> 
U4 — C55 — H55B 


1 nn e 
109.5 


tree a pee treet> 
115 5 A — C5 5 — Hi io 


1 nn e 
109.5 


r\A pee treep 
U4 — C55 — H55C 


1 nn e 
109.5 


tree a pee treep 
115 5 A — C5 5 — 115 5C 


1 nn e 
109.5 


treet> pee treep 
H55B — C55 — H55C 


1 nn e 
109.5 


PO/t nci nni 
C24 — C25 — C29 


11/1 /Ti 

116.2 (/) 


pi/t nci pi/i 
C24 — C25 — C26 


122.0 (6) 


Pin' Pie' P1£' 
C29 — C25 — C26 


1111 fH\ 

112.1 (/) 


pi/t nci trie' 
C24 — C25 — 1125 


1 nn e 
100.5 


nni nri tne' 
C29 — C25 — 1125 


1 nn e 
100.5 


pi/1 pie' tne' 
C26 — C25 — 1125 


1 nn e 
100.5 


pot nil pie' 
C2 / — C26 — C2D 


1(\1 ^ (£\ 

101. 4 (6) 


pit n£i tn/;p 
C2 / — C26 — H26C 


111 e 
111. 3 


pie' nil tn/:p 
C25 — C26 — H26C 


ill e 
111.5 


pot nil ui£n 
C2 / — C26 — H26D 


111 e 
111.5 


C25'— C26'— H26D 


111.5 


H26C— C26'— H26D 


109.3 


C26'— C27'— C28' 


107.5 (7) 


C26'— C27'— H27C 


110.2 


C28'— C27'— H27C 


110.2 


C26'— C27'— H27D 


110.2 
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1 / J.O ) 


p/i 1 p/io r<ri /^r a 
C41 — C42 — CD1 — CDO 


1 "7*7 n 

1 / / .y (z) 


P/IO f^A^) pel pro 
C4 3 — C42 — Lj 1 — CDU 


—JO. / (,3J 


p/in rcn pci rci 
C4y — CDO — CD 1 — CD2 


-loU.U (3) 


PylQ PCf\ f'CI P/IO 

C4y — CDU — CD 1 — C42 


53.1 (3) 


no pon rci pel 
C35 — C3y — CD2 — CD3 


-2.9 (4) 


P/in no prn 1 

C4U — C3y — CD2 — CD3 


1 /J.O (3) 


no pon rci pci 
C35 — C3y — CD2 — CD 1 


1 ly.i (3) 


P/in no pri 

C4U — C3y — CD2 — CD 1 


-2.2 (4) 


P/IO PC] pel 1 

C42 — CD1 — CD2 — CD3 


1 an (\ o\ 
lo/.U yl) 


CDU — CD 1 — CD2 — CD3 


4U.Z (4) 


p/io rci rci pon 
C42 — CD1 — CD2 — Cjy 


-15.3 (4) 


PfA pr 1 pci pin 

CDU — CD1 — CD2 — C3y 


— 14Z.U (3) 


pin rci pri pc/i 
C3y — CD2 — CD3 — CD4 


1 .7 (4) 


PC1 PCO PCI pc^ 

CD 1 — C52 — CD3 — CD4 


i /y.j (3) 


PCO PCI PC/1 POO 

CD2 — CD3 — C54 — C3 / 


U.J (J) 


P.0 POO PC/1 PCI 

U3 — C3 / — C54 CD3 


1 /V.o (3) 


PTO POO PC/1 PCI 

C 35 — C 3 I — CD4 — CD 3 


-1.5 (5) 


poo PO/1 PTC POm 

C33 — C24 — C2D — C2y 


CO C /I 1\ 

D2.D (1 1) 


PTC PO/1 PTC POO' 

C2D — C24 — C2D — C2y 


1 m ^/;^ 
1U/ (oj 


POO PO/1 PTC Plfli 

C23 — C24 — C2D — C2y 


1 O/l /I /o\ 

1 /4.4 (6) 


pn PO/1 PTC Plii 

C33 — C24 — C2D — C2o 


1 t^A O ZO\ 

-104.2 (5) 


PTC PO/1 PTC Plii 

C2D — C24 — C2D — C2o 


i nn l£\ 
— 10y (6) 


POO PO/1 PTC Plii 

C23 — C24 — C2D — C2o 


A O O /"1 1 \ 

-42.3 (11) 


PO/1 PTC Plii POO' 

C24 — C2D — C2o — C2 / 


i /;o o /n\ 

— 16/. / <yj 


PTO' PTC Plii POO' 

C2y — C2D — C2o — C2 / 


OO 1 {1 ~\\ 

-23.1 (11) 


PTC Plii POO' ptoi 

C2D — C2o — C2 / — C26 


£. £. 1 1 1 \ 

0.0 (11) 


pi/1 POO' PTOI POn' 

C2o — C2 / — C25 — C2y 


11 A /1 £\ 

11.4 (10) 


POT POO' PTO' PTC 

C2 / — C2a — C2y — C2D 


O/l O /1 c\ 

—24.2 (ID) 


POT PTOi pini pirtl 

C2 / — C2a — C2y — C3U 


1 no a /i o\ 
1U6.4 (13) 


pot noi poo' pi i ' 
C2 / — C2a — C2y — C3 1 


— 142.3 (y) 


po/i poc pini poo' 
C24 — C2D — C2y — C2s 


1 o/: /i /i n\ 
1 /0.4 (10) 


piii POC POO' POO' 

C20 — C2D — C2y — C2s 


on /"i o\ 
2y.O (13) 


po/i poc pon' pon' 
C24 — C2D — C2y — C3U 


a c n /1 o \ 
4D.y (13) 


po/;' poc pon' pini 
C2o — C2D — C2y — C3U 


1 nn n ^1 n\ 
— 100. y (10) 


po/i poc pon' pi 1 ' 
C24 — C2D — C2y — Co 1 


C C A t*\ 1 \ 

— DD.4 (11) 


po/;' poc pon' phi 
C2o — C2D — C2y — C3 1 


1 CO o /o\ 
ID / .5 (5) 


poo' pon' po i ' poo' 
C2S — C2y — C3 1 — C32 


1 oo n /i n\ 
1 / / .y (10) 


poc pon' po 1 ' poo' 
C25 — C2y — C3 1 — C32 


63.3 (7) 


C30'— C29'— C3 1 '— C32' 


-59.2 (6) 


C32— C33— C32'— C31' 


-63.4 (10) 


C24— C33— C32'— C31' 


71.2 (6) 


C34— C33— C32'— C31' 


-169.8(5) 


C29'— C31'— C32'— C33 


-74.4 (6) 
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fjvdroppn-hnncl ppomptrv (A °) 

j. j. y vi i \-j c- / t is ' ' 1 1 w t- i / 1 1 it y i^i^ / 










Z) H"v4 


D—H 


H-A 


D-A 


D—H 


01— Hl-03 


0.84 


1.83 


2.662 (3) 


170 


02— H2-04 


0.84 


1.82 


2.655 (4) 


170 


03— H3-02 


0.84 


1.88 


2.711 (3) 


173 


04— H4-01' 


0.84 


1.90 


2.736 (4) 


178 


Symmetry codes: (i) x, y-l,z. 
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